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TI Expression of Myopodin Induces Suppression of Tumor Growth and Metastasis. 
AU Jing, Ling [Reprint Author] ; Yu, Yan P; Luo, Jiah-Hua 

CS Pathology, University of Pittsburgh, 3550 Terrace Street, Pittsburgh, PA, 

15261, USA 
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AB Myopodin was previously reported as a gene that was frequently deleted in 
prostate cancer. This gene shares significant homology with a cell shape 
regulating gene, synaptopodin. Myopodin was shown to bind actin, to 
induce actin bundling activity and to help forming stress fibers when 
cells were stimulated. To clarify the functional role of myopodin in 
prostate cancer, several assays were performed to evaluate the tumor 
suppression activity of myopodin. Our results indicate that myopodin 
inhibits tumor growth and invasion both in vitro and in 
vivo. The activity of tumor suppression of myopodin is located at the 
C- terminus region. To further evaluate the role of myopodin in developing 
invasiveness of prostate cancer, an expression analysis of myopodin 
protein was performed in prostate tissues. The results indicate that 
down- regulation of myopodin expression occurs mostly in invasive stages of 
prostate cancer, implying a potential invasion suppression role for 
myopodin in prostate cancer. In addition, hemizygous deletion and down 
regulation of myopodin expression occur in three aggressive prostate 
cancer cell lines . 
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AB This invention provides cDNA and protein sequences of a human cell 

adhesion inhibitory protein. The protein was able to bind to actin and 
inhibited the cell adhesion of cancer cells. The 

protein shares sequence homol . with mouse gene RIC encoding protein and 
consists of signal peptide (residue 1-21) , Thr-Ser-Pro rich extra membrane 
domain (residue 22-145) , transmembrane domain (residue 146-162) and inner 
membrane domain (residue 163-178) . The expression of the cell adhesion 
inhibitory protein was down regulated by cadherin. The protein can be 
used for diagnosis, treatment and screening drugs for 
cancers . 
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TI Phosphorylation of human fascin inhibits its actin 

binding and bundling activities 
AU Yamakita, Yoshihiko; Ono, Shoichiro; Matsumura, Fumio; Yamashiro, Shigeko 
CS Dep. Mol. Biol. Biochem. , Rutgers Univ. , Piscataway, NJ, 08855-1059, USA 
SO Journal of Biological Chemistry (1996), 271(21), 12632-12638 
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DT Journal 
LA English 

AB Human fascin (I) is an actin-bundling protein that is thought to be 

involved in the assembly of actin filament bundles present in microspikes 
as well as in membrane ruffles and stress fibers. Here, the authors found 
that human I is phosphorylated in vivo upon treatment with TPA, 
a tumor promoter. The in vivo phosphorylation was gradually 
increased from 0.13 to 0.3 0 mol/mol during 2 h of TPA treatment, 
concomitant with the disappearance of human I from stress fibers, membrane 
ruffles, and microspikes. Human I could also be phosphorylated in vitro 
by protein kinase C at the same sites as observed in vivo as judged by 
phosphopeptide mapping. The extent of phosphorylation depended on the pH: 
the stoichiometries were 0.05, 0.38, and 0.6 mol phosphate/mol protein at 
pH 7.0, 6.0, and 5.0, resp. Phosphorylation greatly reduced actin binding 
of human I, whereas lowering the pH to 6.0 alone did not affect I -actin 
binding. With the incorporation of 0.25 mol phosphate/mol I, the actin 
binding affinity was reduced from 6.7 + 106 to 1.5 + 106 M-l. 
The actin bundling activity was also decreased. These results suggest 
that phosphorylation of I plays a role in actin reorganization after 
treatment with TPA. 
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OBJECTIVE: To target high-affinity interleukin (IL) -2 receptors involved 
in lymphocyte proliferation processes such as allograft rejection, 
autoimmune disorders, and certain haematological malignancies, using a 
minimally immunogenic mammalian- derived enzyme, bovine RNaseA, which 
becomes cytotoxic on entering cytoplasm. DESIGN: Laboratory study. 
SETTING: Teaching hospital, Japan. MATERIAL: Human lymphocytes isolated 
from healthy histoincompatible donors in mixed lymphocyte cultures or 
stimulated with phytohemagglutinin (PHA) to promote IL-2Ralpha expression. 
MJ, an HTLV-1- infected malignant T-cell line that overexpresses 
IL-2Ralpha, and the IL-2Ralpha-negative cell lines MOLT -4 F and MT-1, were 
used as controls. INTERVENTIONS: Bovine RNaseA was chemically conjugated 
to 7G7B6, a monoclonal antibody to the alpha-chain of human IL-2 
receptors, and several concentrations of the conjugates were added to the 
lymphocyte cultures. MAIN OUTCOME MEASURES: Inhibition of cell 
proliferation as a percentage of 3H-thymidine incorporation in 24 hours. 
RESULTS: 7G7B6 -RNaseA dose-dependently inhibited cell 
proliferation in PHA- stimulated human lymphocytes at a 50% 
inhibitory concentration (IC50) of 2 x 10 (-7) M. whereas 
RNase alone and RNase plus antibody had no inhibitory effect. 
7G7B6 -RNaseA also dose-dependently inhibited the human mixed lymphocyte 
reaction at an IC50 of 2 x 10 (-6) M, whereas RNase 

alone did not. The conjugate also inhibited cell proliferation in MJ 
cells, a cell line that is infected with HTLV-I and overexpresses the 
high-affinity IL-2 receptor, at an IC50 of 5 x 10 (-7) M. However the 
conjugate had no inhibitory effect on the IL-2 receptor non- expressing 
human T-cell lymphoblastic leukaemia cell lines MOLT-4F or MT-1. 
CONCLUSION: 7G7B6 -RNaseA can inhibit cell proliferation in antigen- or 
mitogen-stimulated lymphocytes that overexpress high-affinity IL-2 
receptors, and it may be safer than conventional chemotherapy or 
immunotoxins in the treatment of transplant rejection, certain lymphocytic 
malignancies, and other IL-2R-associated diseases, because it contains a 
mammalian cytotoxic enzyme. 
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AB A method of preventing, inhibiting and/or reversing proliferation, 
colonization, differentiation and/or development of abnormally 
proliferating cells in a subject is disclosed. The method is effected by 
administering to the subject a therapeutically effective amount of a RNase 
of the T2 family. 
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TI Inhibition of human brain tumor cell growth by the ant i- inflammatory drug, 

flurbiprofen 
AU King J G; Khalili K (Reprint) 

CS Temple Univ, Coll Sci & Technol, Ctr Neurovirol & Cane Biol, Lab Cane Biol 
& Intervent, 1900 N 12th St, 015-96, Room 203, Philadelphia, PA 19122 USA 
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DT Article; Journal 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB Despite many efforts to alter the relentlessly aggressive progression 

of tumors of neural origin, individuals bearing these tumors exhibit poor 
prognosis for longterm survival. In an attempt to find an effective 
treatment, we examined the efficacy of the non-steroidal anti- inflammatory 
drug, flurbiprofen, to suppress the growth of tumor cell lines derived 
from medulloblastoma and glioblastoma multiforme. Results from cell 
proliferation assays have revealed that flurbiprofen effectively 
inhibits the growth of various tumor cells in a 

dose -dependent manner and causes a noticeable change in the progression of 

cells through cell cycle stages. Treatment of tumor 

cells with flurbiprofen reduced the number of cells in Gl and 

G2, and significantly increased their numbers in S phase, suggesting that, 

flurbiprofen accelerates Gl/S entry, and/or delays cell exit from S to G2/ 

M stages. Results from RNase protection assay and 

Western blot analysis showed that while treatment of cells with 

flurbiprofen causes a minor change in the RNA level of different cyclins, 

there is a significant decrease in the level of cyclin B protein upon 

flurbiprofen treatment. Examination of tumor 

suppressors by RNase protection technique showed a subtle increase in the 
levels of several tumor suppressors upon flurbiprofen 



treatment. Interestingly, at the protein level, p53 tumor / 
suppressor was substantially increased upon flurbiprofen treatment, yet 
the level of p21, a downstream target for p53 remained unchanged. 
Curiously, treatment of the cells with flurbiprofen enhanced the level of 
COX-2 expression. Results from co-immunoprecipitation showed association 
of COX-2 with p53 in tumor cells. These observations suggest that the 
interaction of COX-2 with p53 may cause p21- independent suppression of 
tumor cell growth upon flurbiprofen treatment. 
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TI Comparison of antitumor activities of pancreatic ribonuclease and its 
cross-linked dimer. 

AU Tarnowski G S; Kassel R L; Mountain I M; Blackburn P; Wilson G; Wang D 
SO Cancer research, (1976 Nov) 36 (11 Pt 1) 4074-8. 

Journal code: 2984705R. ISSN: 0008-5472. 
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AB The cross-linked dimer of bovine pancreatic RNase (M 

.W. 28,000) is significantly more effective than the monomer in 

inhibiting tumor development in mice when administered 

i.p. 1 day after inoculation with sarcoma 180J ascites cells. Animals 
bearing solid tumors were not affected. In AKR/J mice with advanced 
leukemia, a single i.p. injection of 100 mug of the dimer led to about 50% 
reduction in the enlarged lymph nodes and the spleen at 24 hr. The 
half -life of the dimer in the bloodstream has been determined to be 10 min 
in rats and 6 min in mice, compared to values of 5 and 3.5 min, 
respectively, for the monomer. Analyses of the tissues of untreated 
leukemic mice for RNase and RNase inhibitors show that the tumor tissues 
are not deficient in RNase activity. Considerations of possible 
mechanisms of action of the dimer indicate that other basic proteins in 
this size range may merit examination as cytostatic agents toward 
transformed cells. 
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TI Comparative study of proteome between primary cancer and hepatic 

metastatic tumor in colorectal cancer 
AU Yu, Bo; Li, Shi-Yong; An, Ping; Zhang, Ying-Nan; Liang, Zhen-Jia; Yuan, 

Shu-Jun; Cai, Hui-Yun 
CS Department of General Surgery, General Hospital of Beijing Military 

Command, Beijing, 100700, Peop. Rep. China 
SO World Journal of Gastroenterology (2004), 10(18), 2652-2656 

CODEN: WJGAF2; ISSN: 1007-9327 
PB World Journal of Gastroenterology 
DT Journal 
LA English 

AB AIM: To identify the differential proteins associated with colorectal cancer 
genesis and hepatic metastasis. METHODS: Hydrophobic protein samples were 
extracted from normal colorectal mucosa, primary cancer lesion and hepatic 
metastatic foci of colorectal cancer. With two-dimensional 
electrophoresis and image anal., differentially expressed protein spots 
were detected, and the proteins were identified by matrix assisted laser 



desorption/ ionization- time of flight-mass spectrometry and peptide mass 
fingerprint anal. RESULTS: Significant alterations of the proteins in number 
and expression levels were discovered in primary cancer and hepatic 
metastatic foci, the expression of a number of proteins was lost in 25-40 ku, 
but protein spots were increased in 14-21 ku, compared with normal mucosa. 
Nine differentially expressed protein spots were identified. Three 
proteins expressed in normal mucosa, but lost in primary cancer and 
hepatic metastasis, were recognized as calmodulin, RNase 6 precursor and 
mannosidase-a. Proapolipoprotein was expressed progressively from 
normal mucosa to primary cancer and hepatic metastasis. The 
differentially expressed protein of beta-globin was found in normal mucosa 
and hepatic metastatic tumor, but lost in primary cancer lesion. Cdc42, a 
GTP-binding protein, was identified in hepatic metastasis. The protein 
spots of C4 from primary cancer, M7 and M9 from hepatic metastasis had 
less homol . with the proteins in database. CONCLUSION: Variations of 
hydrophobic protein expression in colorectal cancer initiation and hepatic 
metastasis are significant and can be observed with two-dimensional 
electrophoresis. The expression of calmodulin, RNase 6 precursor and 
mannosidase-a is lost but the expression of proapolipoprotein is 
enhanced which is associated with colorectal cancer genesis 
and hepatic metastasis. Cdc 42 and beta-globin are expressed abnormally 
in hepatic metastasis. Protein C4, M7 and M9 may be associated with 
colorectal cancer genesis and hepatic metastasis. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB Despite many efforts to alter the relentlessly aggressive progression 

of tumors of neural origin, individuals bearing these tumors exhibit poor 
prognosis for longterm survival. In an attempt to find an effective 
treatment, we examined the efficacy of the non-steroidal anti -inflammatory 
drug, flurbiprofen, to suppress the growth of tumor cell lines derived 
from medulloblastoma and glioblastoma multiforme. Results from cell 
proliferation assays have revealed that flurbiprofen effectively inhibits 
the growth of various tumor cells in a dose -dependent manner and causes a 
noticeable change in the progression of cells through cell cycle stages. 
Treatment of tumor cells with flurbiprofen reduced the number of cells in 
Gl and G2 , and significantly increased their numbers in S phase, 
suggesting that, flurbiprofen accelerates Gl/S entry, and/or delays cell 
exit from S to G2/M stages. Results from RNase 

protection assay and Western blot analysis showed that while treatment of 
cells with flurbiprofen causes a minor change in the RNA level of 
different cyclins, there is a significant decrease in the level of cyclin 
B protein upon flurbiprofen treatment. Examination of tumor suppressors by 
RNase protection technique showed a subtle increase in the 



levels of several tumor suppressors upon flurbiprofen treatment. 
Interestingly, at the protein level, p53 tumor suppressor was 
substantially increased upon flurbiprofen treatment, yet the 
level of p21, a downstream target for p53 remained unchanged. Curiously, 
treatment of the cells with flurbiprofen enhanced the level of COX-2 
expression. Results from co-immunoprecipitation showed association of 
COX-2 with p53 in tumor cells. These observations suggest that the 
interaction of COX-2 with p53 may cause p21 -independent suppression of 
tumor cell growth upon flurbiprofen treatment. 
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TI Phosphorylation of human fascin inhibits its actin 
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AB Human fascin is an actin-bundling protein that is thought to be involved 
in the assembly of actin filament bundles present in microspikes as well 
as in membrane ruffles and stress fibers. We have found that human fascin 
is phosphorylated in vivo upon treatment with 12 -O-tetradecanoylphorbol-13 - 
acetate, a tumor promoter. The in vivo 

phosphorylation is gradually increased from 0.13 to 0.30 mol/mol during 2 
h of treatment, concomitant with disappearance of human fascin from stress 
fibers, membrane ruffles, and microspikes. Human fascin can also be 
phosphorylated in vitro as judged by phosphopeptide mapping. The extent 
of phosphorylation depends on pH: the stoichiometries are 0.05, 0.38, and 
0.6 alone does not affect fascin-actin binding. With the incorporation of 
0.25 mol of phosphate/mol of protein, the actin binding affinity is 
reduced from 6.7 x 10(6) to 1.5 x 10(6) m(-l). The actin bundling 
activity is also decreased. These results suggest that phosphorylation of 
fascin plays a role in actin reorganization after treatment with 
12 -0- tetradecanoylphorbol - 13 -acetate . 
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AB Anaemia is frequently diagnosed in patients with cancer, yet it is 

difficult to identify a single cause due to its multifactorial 
aetiology. We conducted a systematic literature review 
(1996-2003) to produce evidence -based guidelines on the use of 
erythropoietic proteins in anaemic patients with cancer (see Table 4) . 
Level I evidence exists for a positive impact of erythropoietic proteins 
on haemoglobin (Hb) levels when administered to patients with 
chemotherapy- induced anaemia or anaemia of chronic disease, when used to 
prevent cancer anaemia, in patients undergoing 
cancer surgery and following allogeneic bone marrow 
transplantation. The Hb level at which erythropoietic protein 
therapy should be initiated is difficult to determine as 

it varied between studies; a large number of Level I studies in patients 
with chemotherapy- induced anaemia or anaemia of chronic disease enrolled 
patients with a Hb concentration less than or equal tol05 g/L, but none 
compared the effect of different baseline Hb levels on the response to 
treatment. Similarly, several studies defined the target Hb concentration 
as 120-130 g/L following treatment with erythropoietic 
proteins, but none specifically addressed the correlation between 
target Hb level and clinical benefit in a randomised fashion. Level I 
evidence shows that red blood cell (RBC) transfusion requirements are 
significantly reduced with erythropoietic protein 

therapy in patients with chemotherapy- induced anaemia or when used 
to prevent cancer anaemia (approximately 2 0% 



reduction compared with controls) . We found indirect Level 1 and 
III evidence that patients with chemotherapy- induced anaemia or anaemia of 
chronic disease initially classified as non-responders to standard doses 
proceed to respond to treatment following a dose increase (absolute 
increases in response rate ranged from 8% to 18%) . However, none of these 
studies examined the effect on response rates of a longer treatment period 
at the lower dose, or performed a randomised comparison of a dose increase 
versus an unchanged dose. There is Level I evidence to show that 
quality-of -lif e (QOL) is significantly improved in patients with 
chemotherapy- induced anaemia and in those with anaemia of chronic disease, 
particularly in patients achieving a Hb response to erythropoietic 
protein therapy. There are insufficient data to 
determine the effect on survival following treatment with 
erythropoietic proteins in conjunction with chemotherapy or 
radiotherapy. There is Level I evidence that dosing of erythropoietic 
proteins less frequently than three times per week (TIW) is efficacious 
when used to treat chemotherapy- induced anaemia or 
prevent cancer anaemia. There is Level III evidence that 
initial doses of erythropoietic proteins considered to be higher than 
current standard practice produce higher haematological responses in 
patients with chemotherapy- induced anaemia or anaemia of chronic disease. 
Level I evidence demonstrates that several baseline patient parameters 
(e.g., low endogenous erythropoietin [EPO] concentration, age <60 years, 
Hb concentration greater than or equal to 90 g/L) impact upon the response 
to erythropoietic proteins when used to treat 
chemotherapy- induced anaemia or prevent cancer 

anaemia. Evidence indicates that endogenous EPO concentration impacts on 
response in patients with lymphoprolif erative malignancies, but is not a 
valid parameter in patients with solid tumours. 

There is Level I evidence that fixed doses of erythropoietic proteins 
can be used at the start of therapy to treat patients with 
chemotherapy- induced anaemia, but maintenance doses should be titrated 
individually. There is no evidence that pure red cell aplasia (PRCA) 
occurs following treatment with erythropoietic proteins 
in patients with chemotherapy- induced anaemia or when used 
prophylactically in patients with cancer. There is Level I evidence that 
the risk of thromboembolic events and hypertension are slightly elevated 
in patients with chemotherapy- induced anaemia receiving erythropoietic 
proteins. Level I evidence supports the effectiveness of erythropoietic 
proteins to prevent anaemia in non-anaemic cancer patients receiving 
chemotherapy or radiotherapy or in those undergoing cancer surgery. 
However, these are non-licensed indications and we do not currently 
recommend the prophylactic use of erythropoietic proteins to prevent 
anaemia in patients who have normal Hb values at the start of treatment. 

Additional trials are warranted, especially on the issues of iron 
replacement and cost-effectiveness of erythropoietic protein 
therapy, as well as on tumour response/progression and survival. 
(C) 2004 Elsevier Ltd. All rights reserved. 
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AB Cancer is a growing problem for human health world-wide. 

Dramatic breakthroughs have increased our understanding of the molecular 
mechanisms involved in the process of tumor igenesis , allowing us to 
develop more refined anti -cancer treatments, expanding 
the repertoire of available anti-cancer drugs, and increasing the 
efficiency of their delivery to malignant cells. Nevertheless, even with 



improved understanding of the complex origins of cancer cells, there is a 
dearth of efficient and above all specific anti-cancer 
treatments. Apoptin (viral protein 3 - VP3) , a gene 

product derived from the Chicken Anaemia Virus (CAV) represents a novel 
anti-cancer tool. It appears to have innate tumour-specific p53 
-independent, Bel -2 -enhanced proapoptotic activity, and hence may be of 
great utility in the endeavour to achieve specific and efficient 
elimination of cancer cells, particularly in cases of drug resistance 
through Bcl-2 overexpression/loss of p53 function etc. This review 
will examine the unique aspects of apoptin' s properties, and in 
particular, its ability to localise specifically in the nucleus of 
transformed but not normal cells. The latter ability, importantly, appears 
to be integrally related to its tumour-specific pro-apoptotic action. 
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TI Treatment of tumor- induced hypercalcemia: a solved 
problem? 
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AB A review. Less than 2 5 yr ago, tumor- induced hypercalcemia was 

often a lethal complication of cancer. Nowadays, it can be successfully 
and easily treated in at least 90% of the cases by rehydration and potent 
antiosteoclastic bisphosphonates . The standard therapy consists of the 
administration of 90 mg of pamidronate (Aredia Dry Powder) or more 
recently, 4 mg of zoledronic acid (Zometa) , which is even more efficient, 
at least in patients without bone metastases. Recurrent hypercalcemia is 
nevertheless difficult to control and antibodies against 
parathyroid-hormone-related protein may prove to be a useful treatment. 
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AB A review. Activated Wnt signaling pathways have been found in 

various human cancers, including those of the colon, liver, endometrium, 
ovary, prostate, and stomach. As a result, p-catenin is accumulated 
and becomes transcriptionally active for proliferative genes and 
oncogenes. Wnt pathway mutations result in biochem. mechanisms yielding 
inefficient phosphorylation of p-catenin by glycogen synthase kinase 
3p (GSK3P) due to APC, p-catenin and/or axin mutations. 

Therefore, the needs and the opportunity to develop new cancer therapies 
exist through reversing oncogenic APC/p-catenin/Lef /Tcf signals. 
Exisulind and analogs are inhibitors of cyclic GMP phosphodiesterases 
(PDE) that have been shown to activate and induce protein kinase G. The 
data show PKG regulation of p-catenin in Wnt signaling, accounting, 
at least in part, for apoptosis induction in treated colon cancer cells 
carrying either APC or p-catenin mutations. Exisulind and analogs 
reduce p-catenin via a novel, GSK3P independent processing 
mechanism. Activated PKG directly phosphorylate p-catenin at its 
C- terminal domain and causes proteasome dependent degradation of the protein. 
Since this pathway is independent of APC and GSK3P, exisulind and 
analogs provide a superior approach to circumvent the mol . defects 
of Wnt signaling pathway and to treat cancers with 
such defects. 
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AB A review with 224 refs. Tumor specific drug targeting has been 

a very actively investigated area for over 2 decades. Various approaches 



have involved the use of drug delivery systems that can localize the 
anticancer agent at the tumor site without damaging the normal cells. For 
this purpose, various delivery systems than have been utilized are 
liposomes, microspheres and recently, nanoparticles . Two liposome 
formulations containing anticancer drugs for example, adriamycin and 
daunomycin are already on the market in the USA and Europe. Microspheres 
are also being investigated for delivering various anticancer drugs and 
protein/peptides for anticancer treatment, and several 

formulations are in Phase I/II clin. trials. Antitumor drugs have also 
been linked to tumor specific monoclonal antibodies via various chemical 
linkages. Doxorubicin was linked to a chimeric monoclonal antibody that 
was targeted to the Lewis Y antigen. Though this conjugate initially 
showed potential it was recently dropped from Phase II clin. trials. 
Another approach with monoclonal antibodies has been the use of 
immunotoxins . Immunotoxins initially showed promise as potential 
anticancer agents at picomolar concns . but several clin. and preclin. 
studies have not shown much promise in this regard. Drug containing liposomes 
and microspheres have been further linked to tumor specific monoclonal 
antibodies to enhance their tumor specificity. Most of the studies with 
immunoliposomes or targeted microspheres have not gone beyond the preclin. 
studies. New therapeutic approaches are presently emerging based on 
natural products like cytokines, peptide growth factor antagonists, 
antisense oligonucleotides and specific genes. These approaches need the 
help of delivery systems to deliver these complex mols. to tumor cells. 
One of the current pursued approaches in the use of cationic liposomes. 
Several clin. studies are undergoing with various cationic liposomes and 
the next rew years will demonstrate the usefulness of this approach. In 
recent years, the problems in cancer treatment 

have been complicated with the emergence of resistance strains leading to 
resistant and cross-resistant tumor cells. Several agents have been used 
to overcome or reverse drug-resistance in solid tumors and it remains a 
highly pursued area in cancer treatment. 
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AB A review with 35 ref s . , on pathophysiol . of G protein diseases 
including diseases caused by defects in G proteins and G 
protein-coupled receptors, G protein- targeted therapeutic strategy, and 
therapeutic strategy using G protein-mediated signaling pathway, e.g., 
treatment of endocrine tumors with somatostatin by 
proliferation suppression and apoptosis induction. 
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AB The invention relates to genetic profiles and markers of cancers and 

provides systems and methods for screening drugs that are effective for 
specific patients and types of cancers. In particular, the invention 
provides personalized treatment customized to an individual's cancer. 
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AB Diversifying selection drives the rapid differentiation of gene sequences 
and is one of the main forces behind adaptive evolution. Most genes known 
to be shaped by diversifying selection are those involved in host -pathogen 
or male-female interactions characterized as mol . "arms races.". Here we 
report the unexpected detection of diversifying selection in the evolution 
of a tumor-growth promoter, angiogenin (ANG) . A 



comparison among 11 primate species demonstrates that ANG has a 
significantly higher rate of nucleotide substitution at nonsynonymous 
sites than at synonymous sites, a hallmark of pos . selection acting at the 
mol. level. Furthermore, we observed significant charge diversity at the 
mol. surface, suggesting the presence of selective pressures in the 
microenvironment of ANG, including its binding mols. A population survey 
of ANG in chimpanzees, however, reveals no polymorphism, which may have 
resulted from a recent selective sweep of a charge-altering substitution 
in chimpanzee evolution. Functional assays of recombinant ANGs from the 
human and owl monkey indicate that primate ANGs retain angiogenic activity 
despite rapid evolution. Our study, together with findings of similar 
selection in the primate breast cancer suppressor gene, BRCA1, reveals an 
intriguing phenomenon of unusual selective pressures on, and adaptive 
evolution of, cancer-related genes in primate evolution. 
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